Surgical anatomy of anterior petrosectomy by Słoniewski, Paweł et al.
99
Pawe‡ S‡oniewski et al., Surgical anatomy of anterior petrosectomy
Folia Morphol.
 Vol. 59, No. 2, pp. 99103
Copyright ' 2000 Via Medica
ISSN 00155659O R I G I N A L  A R T I C L E
Address for correspondence: Prof. Pawe‡ S‡oniewski, Department of Neurosurgery, Medical University of Gdaæsk,
ul. DŒbinki 7, 80211 Gdaæsk, Poland, tel: +48 58 329 23 30, fax: +48 58 345 58 88, e-mail: nchir@amg.gda.pl
Surgical anatomy of anterior petrosectomy
Pawe‡ S‡oniewski, Piotr Zieliæski, Micha‡ Rynkowski
Department of Neurosurgery, Medical University of Gdaæsk, Poland
[Received 22 December 2000; Revised 3 February 2000; Accepted 4 February 2000]
Neurosurgical procedures in the region of the petroclival region of the skull base
require unique knowledge of the local anatomy. The measurements of this re-
gion considering the visible anatomical landmarks are helpful both during sur-
gery and while planning the general schemes for the approach.
We have evaluated the anatomy of the anterior surface of the petrous bone
and of the middle fossa taking into consideration the surgical removal of part of
the petrous bone  the anterior petrosectomy. We have measured the distances
and angles between the chosen structures in this region. The measurements
were taken on 10 skulls, on both sides.
The results enrich the algorithm of the anterior petrosectomy.
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INTRODUCTION
Knowledge of surgical anatomy requires not only
perfect knowledge of the classical anatomy but also
needs some acquaintance with the local geometry
and with the anatomical views, changing step-by-
step, according to specific schemes. The anatomy of
the surgical approaches is very demanding in neuro-
surgery, especially in surgery of the skull base. There
are numerous limitations when choosing the ap-
proach to the base of the skull. Brain compression
should be avoided as much as possible. The nerves
and vessels should be treated with special attention.
On the other hand, the pathologic lesion should be
exactly visualised, even at the cost of the extended
bone removal.
The brain should not know that it is being oper-
ated on, said Harvey Cushing, and these words are
fundamental for contemporary skull base surgery.
The increasing knowledge of functional neuroanat-
omy stimulated the evolution of minimal brain inva-
sion during surgery. The results of neurosurgery were
highly improved with the development of micron-
eurosurgical techniques, minimalising brain destruc-
tion [3]. Nowadays mortality in microneurosurgical
procedures ranges from 0 to 5%. Misfortunes are
especially frequent in the surgery of the posterior
circulation aneurysms, which means the aneurysms
of the basilar artery, posterior cerebral artery and
cerebellar arteries [46,9].
Skull base surgery developed quickly thanks to
the new surgical techniques from the late eighties.
The invention of high speed drills was especially im-
portant in this field. They allow the removal of large
quantities of bone in a short period of time and with
relative safety for the cranial nerves and vessels [2].
 Every neurosurgical approach to intracranial
pathology is strictly related to the identification of
the anatomical structures, visible on surfaces and
layers. They form often definite geometrical poly-
gons, which are very helpful in the navigation to the
deeper localised structures. For many years this meth-
od has allowed neurosurgeons to find intracranial
structures [7]. Besides, exact knowledge of surgical
anatomy allows lesser skull openings and minimal
brain retraction. The optimal approaches to the le-
sions situated in relation to the skull base are not
those from the direction of the convexity, but from
the base of the skull, even resulting in cosmetic de-
formities, but avoiding brain trauma [8].
From the anatomic point of view, the exact sche-
ma of anterior petrosectomy supplied with some
morphometric data of the patient may create the
possibility of optimal and safe basilar artery aneu-
rysm surgery.
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MATERIAL AND METHODS
Morphometric analysis was performed on 10 dry
adult skull specimens. The most important anatom-
ical landmarks for petrosectomy were defined. The
distances and angles between them were measured.
The distances between the foramens were defined
as the shortest distances between the bony open-
ings. The distances between the foramens and the
linear structures were defined as the distances be-
tween the bony openings and the middle point of
the linear structures. The measured distances were
between: foramen spinosum and foramen ovale,
foramen spinosum and trigeminal fossa, foramen
ovale and trigeminal fossa, foramen spinosum and
hiatus of the greater petrosal nerve, foramen spino-
sum and sulcus of the greater petrosal nerve, fora-
men ovale and hiatus of the greater petrosal nerve,
foramen ovale and sulcus of the greater petrosal
nerve, hiatus of the greater petrosal nerve and em-
minentia arquata, hiatus of the greater petrosal nerve
and sulcus of the upper petrosal sinus. The angles
were measured between: the sulcus of the upper
petrosal sinus and emminentia arquata, emminen-
tia arquata and sulcus of the greater petrosal nerve,
internal acoustic meatus and emminentia arquata.
The results were shown as the arithmetic mean in
millimetres or degrees and standard deviation.
RESULTS
The localisation of the emminentia arquata was
doubtful in three skull specimens. The results are
shown in Table 1.
The first step of petrosectomy is fronto-temporal
or subtemporal craniotomy. Then the extradural ap-
proach with identification of the foramen spinosum,
foramen ovale, carotid artery, greater and lesser pet-
rosal nerve is performed (Fig. 1). Their mutual rela-
tions, difficult to evaluate during these first steps,
are easier with the measurements (Table 1). Petrosal
nerves can be dissected to avoid mechanical injury
to the facial nerve [1]. Then the removal of the pe-
trous bone is performed in front of the arquate em-
minence, alongside the greater petrosal nerve to the
genu of the facial nerve. According to our measure-
L  left, R  right
Table 1. The results of the morphometric analysis of the anatomical bony landmarks in the region
of the anterior petrosectomy approach
Distances and angles between: Mean mm or degrees – OS
foramen spinosum and foramen ovale L: 3,5 – 1,3
R: 3,4 – 1,4
foramen spinosum and trigeminal fossa L: 12,2 – 1,9
R: 12,8 – 1,5
foramen ovale and trigeminal fossa L: 11 – 1,8
R: 12,2 – 2,0
foramen spinosum and hiatus of the greater petrosal nerve L: 13,5 – 2,7
R: 12,8 – 3,5
foramen spinosum and sulcus of the greater petrosal nerve L: 10,5 – 2,0
R: 9,7 – 2,7
foramen ovale and hiatus of the greater petrosal nerve L: 18,6 – 2,0
R: 18,2 – 2,5
foramen ovale and sulcus of the greater petrosal nerve L: 14,7 – 1,6
R: 14,3  – 2,1
hiatus of the greater petrosal nerve and emminentia arquata L: 11,3 – 1,8
R: 12,1 – 2,6
hiatus of the greater petrosal nerve and sulcus of the upper petrosal sinus L: 12,8 – 1,5
R: 12,8 – 2,2
the angle: sulus of the upper petrosal sinus and emminentia arquata L: 91 – 6,0
R: 84 – 7,0
the angle: emminentia arquata and sulcus of the greater petrosal nerve L: 90 – 5,0
R: 85 – 7,4
the angle: internal acoustic meatus and emminentia arquata L: 115 – 9,0
R: 95 – 9,0
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ments, the internal acoustic meatus is positioned at
an angle of around 100 degrees to the arquate em-
minence. The cochlea, situated below the facial
nerve, is the postero-lateral border of the petrosec-
tomy. The final aim of the petrosectomy is the re-
moval of the bone between the facial nerve, internal
carotid artery and cochlea (laterally) and upper semi-
circular canal with internal acoustic meatus (poste-
riorly), up to the superior petrosal sinus. This creates
a window into the posterior fossa between the in-
ternal carotid artery, trigeminal and facial nerve.
DISCUSSION
The master of skull base morphometry and neuro-
surgical anatomy remains Johannes Lang from
Wurtzburg [16]. His perfect specimens and numer-
ous measurements of the skull base are very helpful
for every neurosurgeon. Such data help in establish-
ing the surgical algorithms for the approaches.
The evolution of the approaches to the basilar
artery attracts special attention. They pose some
specific problems because of the deep position of
the artery, its proximity to the brain stem and nu-
merous perforators of the brain stem. For a long
period of time the lesions of the basilar artery, like
aneurysms, were considered inoperable. The ap-
proaches used for the basilar artery surgery are still
not satisfactory whilst the availability of the proxi-
mal part of the artery in case of bleeding is insuffi-
cient [1013]. Cardiac arrest used for the basilar ar-
tery surgery and endovascular treatment has not
solved the problem. The results of our own work on
the extension of the cranio-orbito-zygomatic cran-
iotomy with cardiac arrest do not improve the prox-
imal control of the basilar artery, although they have
enhanced the procedure [17].
One of the examples illustrating the philosophy
of skull base surgery techniques is the approach
called anterior petrosectomy. This approach allows
for operation in the region of the upper half of the
clivus and in the region of the petrous apex [14,15].
Petrosectomy means the excision of part of the pe-
trous bone and thus creates the window into the
petroclival region. The most common diseases in this
region are aneurysms of the basilar artery, meningi-
omas and chordomas. Petrosectomy may be proceed-
ed from the middle cranial fossa. Then it is called
the anterior one. It may be performed from the pos-
terior and lateral direction, then it is called the pos-
terior petrosectomy. Petrosectomy must be preced-
ed by the skull opening. In the case of the anterior
petrosectomy, it may be either a fronto-temporal or
subtemporal craniotomy. The posterior petrosecto-
my may be preceded by the presigmoid craniotomy.
Figure 1. Anatomy of the region of the right petrous apex viewed from the middle fossa. Abrreviations: 1  sulcus of the upper petrosal
sinus, 2  trigeminal fossa, 3  lingula sphenoidalis, 4  emminentia arquata, 5  hiatus and sulcus of the greater petrosal nerve,
6  foramen lacerum, 7  foramen spinosum, 8  foramen ovale, 9  foramen rotundum, 10  anterior clinoid process.
1 2 3
4 5 6 7 8 9 10
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Anterior petrosectomy was introduced by Takeshi
Kawase. He published in 1985 the results of the sur-
gical treatment performed on two patients with
basilar artery aneurysms [14]. Later on, Kawase made
some modifications of this procedure, enlarging or
lessening the extent of the removal of the petrous
bone [14, 15]. The first part of the petrosectomy is
performed extradurally. The area of the surgical work
in this part is situated medially to the internal carot-
id artery (lateral and posterior loop), posteriorly to
the foramen ovale and anteriorly to the internal
acoustic porus. This approach in its classical form is
used mainly by the author, but the results of treat-
ment of the basilar artery aneurysms are very en-
couraging. It seems that anterior petrosectomy, af-
ter establishing the standard schema of this proce-
dure, may become the approach of choice in the
surgery of the basilar artery aneurysms.
We have found our data, shown in Table 1, help-
ful in performing the anterior petrosectomy, which
can also be described in a defined step-by-step
scheme. We have chosen to measure the specified
landmarks and distances because of their practical
usefulness during the procedure. The distances be-
tween the skull base foramina seem to be more valu-
able than, for example, the distances between the
lateral side of the skull and these foramina, as pub-
lished by other authors [16].
There are two anatomical triangles described in this
region  the Glasscock and Kawase triangles (Fig. 2).
The Glasscock triangle is defined laterally by the line
from the foramen spinosum to the arquate emmi-
nence, medially by the greater petrosal nerve, basally
by the third branch of the trigeminal nerve. The Ka-
wase triangle is defined by the greater petrosal nerve,
the petrous ridge and by the arquate emminence.
Our measurements seem to enhance the safety of
the extradural middle fossa dissection as well as the
removal of the petrous bone. They are helpful in es-
tablishing the scheme of the anterior petrosectomy.
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